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Abstract
Immune checkpoint inhibitors target suppressor receptors, including 
cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4), programmed 
cell death protein 1 (PD-1), and programmed cell death ligand 1 (PD-L1). 
The activated T cells are not antigen specific; therefore, the blockade of 
the immune checkpoint may result in the development of autoimmune 
adverse events. The most common immune-related adverse events 
(irAEs) are rash, colitis, and endocrinopathies. However, irAEs that af-
fect the hematologic system are rare and can affect red blood cells 
(e.g., autoimmune hemolytic anemia), white blood cells, and platelets 
(e.g., immune thrombocytopenia). Usually one cell line is affected; how-
ever, in some cases, multiple cell lines can be affected. Other changes 
in the hematologic system can also be affected (e.g., cryoglobulinemia, 
cytokine release syndrome). Due to the rarity and lack of recognition 
of these AEs, the timing, spectrum of events, and clinical presenta-
tion are poorly understood. Management of hematologic irAEs usually 
involves the use of steroids; however, other agents (e.g., IVIG, cyclo-
sporine, rituximab) or procedures (e.g., plasma exchange, transfusions) 
can also be used. 

Immune checkpoint inhibi-
tors (ICIs) target suppressor 
receptors, including cyto-
toxic T-lymphocyte–associ-

ated antigen 4 (CTLA-4) and pro-
grammed cell death protein 1 (PD-1), 
which are located on the surface of 
immune cells. Since the activated T 
cells are not antigen specific, block-
ade of the immune checkpoint may 
result in the development of auto-

immune adverse events (Leaf et al., 
2019). Common immune-related 
adverse events (irAEs) include rash, 
colitis, and endocrinopathies. 

In a recent review of hematologic 
irAEs secondary to PD-L1 inhibitors, 
the reported incidences of cytopenias 
(of all grades) with single-agent PD-
L1 inhibition were as follows: anemia 
(5%), thrombocytopenia (2%), leu-
kopenia (2%), and neutropenia (1%). J Adv Pract Oncol 2021;12(4):392–404

Th
is 

ar
tic

le 
is 

dis
tri

bu
te

d u
nd

er
 th

e t
er

m
s o

f t
he

 Cr
ea

tiv
e C

om
m

on
s A

ttr
ibu

tio
n N

on
-C

om
m

er
cia

l N
on

-D
er

iva
tiv

e L
ice

ns
e, 

wh
ich

 pe
rm

its
 un

re
str

ict
ed

 
no

n-
co

m
m

er
cia

l a
nd

 no
n-

de
riv

at
ive

 us
e, 

dis
tri

bu
tio

n, 
an

d r
ep

ro
du

cti
on

 in
 an

y m
ed

ium
, p

rov
ide

d t
he

 or
igi

na
l w

or
k i

s p
ro

pe
rly

 ci
te

d.



393AdvancedPractitioner.com Vol 12  No 4  May/Jun 2021

HEMATOLOGIC ADVERSE EVENTS REVIEW

The incidence of each cytopenia increased with 
combination therapy (Sui et al., 2018). Hemato-
logic irAEs primarily impact blood counts within 
one cell line (i.e., neutropenia, thrombocytopenia) 
or more than one cell line (i.e., bicytopenia, pan-
cytopenia) but may have other changes in the he-
matologic system (e.g., cryoglobulinemia, cytokine 
release syndrome). Specific hematologic irAEs that 
have been reported include autoimmune hemo-
lytic anemia (AIHA), aplastic anemia (AA), pure 
red cell aplasia (PRCA), cold agglutinin syndrome 
(CAS), neutropenia, immune thrombocytopenia 
(ITP), acquired thrombotic thrombocytopenia pur-
pura (TTP), bicytopenia or pancytopenia, hemo-
phagocytic lymphohistiocytosis, myelodysplastic 
syndrome (MDS), post-transfusion purpura (PTP), 
and agranulocytosis (Davis et al., 2019; Michot et 
al., 2019; Noseda et al., 2019). 

In a study by Davis and colleagues (2019), the 
hematologic irAEs were most commonly noted in 
individuals with melanoma and lung cancer. Davis 
and colleagues (2019) also noted that the median 
age of onset differed by specific hematologic tox-
icity but ranged from 59 to 66 years. Some patients 
who develop hematologic irAEs may develop a 
second hematologic irAE, most commonly AIHA 
and ITP (Davis et al., 2019). Hematologic irAEs 
can be fatal (Davis et al., 2019). The median time to 
onset of hematologic irAEs associated with CTLA-
4 inhibitors was 40 days (either alone or in combi-
nation with PD-1 inhibitors) and occurred earlier 
than those associated with PD-1 or PD-L1 inhibi-
tors. Due to the rarity of these toxicities and lack 
of recognition of these AEs, the timing, spectrum 
of events, and clinical presentation of hematologic 
events are poorly understood (Davis et al., 2019).

ANEMIAS
Autoimmune Hemolytic Anemia (AIHA)
Autoimmune hemolytic anemia is a rare event as-
sociated with ICIs and involves the formation of 
autoantibodies against red blood cells (IgG, IgM, 
or both), leading to a marked decrease in the lifes-
pan of red blood cells (Roumier et al., 2014). While 
rare, it is considered to be the most common hema-
tologic irAE (Davis et al., 2019). Autoimmune he-
molytic anemia is noted to occur more frequently 
with PD-1 or PD-L1 inhibitors (0.15%–0.25%) as 
compared with CTLA-4 inhibitors (0.6%; Tanios 

et al., 2018). Due to the increasing use of immuno-
therapy, the number of reports of ICI-associated 
AIHA has been increasing (Khan et al., 2017). Cas-
es of AIHA from ICIs can be serious, with 15% of 
cases being fatal (Davis et al., 2019). Reported epi-
sodes of AIHA are most common in patients with 
malignant melanoma, then lung cancer, Hodgkin 
lymphoma, and renal cell cancer. Approximately 
17.6% of cases were noted in patients with mela-
noma who were receiving combination therapy 
with a PD-1 inhibitor along with ipilimumab (Yer-
voy). Approximately 26.5% of cases also experi-
enced other irAEs (Tanios et al., 2018). Tanios and 
colleagues (2018) reviewed the public U.S. Food 
& Drug Administration (FDA) databases and re-
ported on the 68 cases of AIHA that were within 
the database. They indicated that AIHA can occur 
either early or later after the administration of an 
ICI, with median time to occurrence of 10 weeks 
(range: 2–78 weeks). The dose of the ICI does not 
seem to be related to the development of AIHA 
(Palla et al., 2016). 

Two forms of drug-induced AIHA exist: warm 
AIHA and cold AIHA. These are dependent on the 
temperature of the autoantibodies that become 
active (Palla et al., 2016). Warm AIHA is usually 
mediated by IgG, and the autoantibodies are active 
at temperatures greater than 37°C. Cold AIHA re-
sults from IgM, and the autoantibodies are active 
at temperatures of 0 to 4°C. Autoimmune hemo-
lytic anemia associated with ICIs is usually the 
warm type (Tanios et al., 2018). Patients with ac-
tive AIHA are not considered candidates for con-
current ICI therapy; however, this issue has not 
been investigated (Tanios et al., 2018). It has been 
noted in two series that approximately 25% of pa-
tients who developed ICI-associated AIHA had 
an underlying lymphoproliferative disorder (e.g., 
chronic lymphocytic leukemia), as well as other 
conditions, including viral infections, babesiosis, 
and a prior allogeneic stem cell transplantation 
(Tanios et al., 2018). This phenomenon prompts 
the question of whether patients who have base-
line immune dysfunction may be predisposed to 
ICI-associated AIHA (Leaf et al., 2019). 

The diagnosis of AIHA is based on laboratory 
findings, including red blood cell/hemoglobin, 
reticulocyte count, haptoglobin level, lactate de-
hydrogenase (LDH), indirect bilirubin level, and 
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direct antiglobulin test (DAT; see Table 1). There 
is a question if DAT negative and DAT positive are 
two distinct conditions (Leaf et al., 2019). Warm 
AIHA is usually associated with irAEs since most 
are DAT positive (Kong et al., 2016). The severity 
of hemolysis did not appear to differ based on the 
DAT status (Leaf et al., 2019). 

Treatment guidelines for AIHA have not yet 
been fully developed but usually include immu-
nosuppression resulting in the reduction of the 
production of autoantibodies (Table 2). Gluco-
corticoids are considered first line and most pa-
tients respond to steroids. However, at times, al-
ternate therapies are needed such as intravenous 
immunoglobulin (IVIG) blood transfusions, he-
matopoietic growth factors, and other supportive 
treatments (Gnanapandithan et al., 2019). The 
treatment that is best for second-line therapy is 
currently unknown. While the presence of signifi-
cant anemia (i.e., Hgb < 8.0 g/dL) might indicate 
the need to permanently discontinue ICIs, it has 
been noted that some patients can be retreated 
with the ICI and not develop recurrence of AIHA 
(Leaf et al., 2019). However, because hematolog-
ic AEs associated with ICIs are uncommon, the 
number of cases that have been successfully re-
challenged is small. Therefore, there are no guide-
lines as to how to decide if patients are likely to be 
rechallenged successfully. 

Cold Agglutinin Syndrome (CAS)
Cold antibodies account for approximately 25% of 
autoimmune hemolytic anemias (Berentsen et al., 

2015). Cold agglutinins are antibodies that bind to 
erythrocyte surface antigens at low temperatures, 
causing agglutination and complement-mediated 
hemolysis (Berentsen et al., 2015). Cold agglutinin 
syndrome is different from cold agglutinin disease. 
Cold agglutinin disease is a clonal B-cell lympho-
proliferative disorder, while cold agglutinin syn-
drome is similar but is a secondary cold hemolytic 
syndrome that arises from infections (i.e., Myco-
plasma pneumoniae pneumonia or Epstein-Barr 
virus infection) or malignancies, and has been 
reported to be associated with ICIs. The develop-
ment of CAS associated with ICIs is not related to 
duration or the dose of the ICI, nor is it related to 
the disease being treated by the ICI (Hasanov et 
al., 2018). 

Direct antiglobulin test, peripheral blood 
smear features, bone marrow biopsy, and flow 
cytometry results assist in making the diagnosis 
of CAS. Bone marrow biopsy is expected to have 
increased cellularity and increased elements of 
all three lineages, but with no evidence of myelo-
dysplastic syndrome, lymphoma, or myelodys-
plastic process. 

Spontaneous remission occurs in nearly all 
cases of CAS, but there are no evidence-based 
guidelines in the management of CAS associated 
with ICI (Table 2). Interventions include packed 
red blood cell transfusions. Plasmapheresis can 
be considered in extreme cases (Berentsen et al., 
2015). While steroids are the backbone of guide-
lines in the management of ICI-associated AEs, 
steroids have been found to occasionally be effec-
tive in managing primary CAS. Rituximab (Ritux-
an) has been noted to be highly effective in this 
setting and is expected to be helpful in managing 
ICI-associated CAS (Hasanov et al., 2018).

Pure Red Cell Aplasia (PRCA)
Pure red cell aplasia is a rare blood disease that 
is characterized by normocytic, normochromic 
anemia, reticulocytopenia, and the absence of 
hemoglobin-containing cells in an otherwise nor-
mal bone marrow aspirate. There are two types 
of PRCA: congenital (Diamond-Blackfan ane-
mia) and acquired (Yuki et al., 2017). Acquired 
PRCA is associated with drugs including ICIs, 
infections, autoimmune diseases, and neoplasms. 
Pure red cell aplasia pathogenesis is not clearly 

Table 1. �Laboratory Characteristics of 
Autoimmune Hemolytic Anemia

Lab test Result

RBC/Hgb Normocytic or macrocytic anemia 
(mean Hgb at presentation 11.8 g/dL; 
lowest 6.3 g/dL)

Reticulocytes Increased

Haptoglobin Low or undetectable

LDH Elevated

Indirect bilirubin Increased

DAT Positive (62% of cases)

Note. RBC = red blood cell; Hgb = hemoglobin;  
LDH = lactic acid dehydrogenase; DAT = direct 
antiglobulin test. Information from Khan et al. (2017); 
Kong et al. (2016); Leaf et al. (2019); Ogawa et al. (2018).
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understood but most likely has an autoimmune 
etiology; however, the production of antibodies 
against erythroid progenitors or erythropoietin 
has been noted. 

Management of PRCA includes the use of im-
munosuppressive therapies such as corticoste-
roids, T-cell–directed agents (e.g., cyclosporine), 
and IVIG (Gordon et al., 2009; Table 2). The 10-
year survival of patients with PRCA is 80% or 
more; however, it can be life threatening. Pure red 
cell aplasia often recurs as the dose of the steroid 
is tapered or discontinued. Therefore, long-term 
therapy is indicated (Yuki et al., 2017).

THROMBOCYTOPENIA 
Immune Thrombocytopenia (ITP)
Immune thrombocytopenia is caused by the de-
velopment of autoantibodies against platelets, 

usually after an inciting event of the immune sys-
tem (Shiuan et al., 2017). It is a diagnosis of exclu-
sion and is defined as isolated thrombocytopenia 
without associated anemia or leukopenia and 
without any other obvious cause for thrombocy-
topenia. Presenting signs and symptoms include 
bleeding such as petechiae, purpura, epistaxis, 
hemorrhage, and fatigue. Workup should include 
physical exam, complete blood count, reticulocyte 
count, and peripheral blood smear. Testing for the 
presence of antiplatelet antibodies is not generally 
recommended due to low sensitivity. Bone mar-
row biopsy is not recommended in the absence 
of other accompanying cytopenias. However, if a 
bone marrow biopsy is performed, it would reveal 
increased megakaryocytes, signifying platelet de-
struction rather than decreased platelet produc-
tion (Calvo, 2019). 

Table 2.  Management of Hematologic Toxicities of Immune Checkpoint Inhibitors

Hematologic toxicity 
associated with ICI Management strategy

Autoimmune 
hemolytic anemia

1.	 Immunosuppressive agents
a.	First line: high-dose glucocorticoids (prednisone 1–2 mg/kg/day); taper over 4–6 weeks
b.	Second line: rituximab (375 mg/m2 weekly × 4), IVIG (1 g/kg as one-time dose; may be 

repeated), cyclosporin A, azathioprine, mycophenolate mofetil
2.	Hematology consult
3.	Transfusions
4.	Discontinue ICI; permanently discontinue if Hgb below 8.0 g/dL

Cold agglutinin 
syndrome

1.	 Discontinue ICI
2.	Transfusions (antibody and compatibility done at 37°C)

a.	Keep patient warm during transfusion
b.	Blood warmer

3.	Hematology consult
4.	Plasmapheresis in severe cases
5.	Questionable use of steroids; or rituximab if steroids not effective

Pure red cell aplasia 1.	 Hematology consult
2.	Immunosuppressive agents 

a.	Corticosteroids
b.	T-cell directed therapies (e.g., cyclosporine)
c.	IVIG

Immune 
thrombocytopenia

1.	 Grade 1: Continue treatment with ICI with close lab monitoring (platelet count)
2.	Grade 2: Hold ICI and monitor closely for improvement in platelet count
3.	If rapid increase of platelet count clinically warranted, administer prednisone 1 mg/kg/day or 

IVIG
4.	Grade 3/4

a.	Hematologic consult
b.	Initiate prednisone 1–2 mg/kg/day
c.	IVIG if rapid increase of platelet count needed
d.	Rituximab +/or thrombopoietin receptor agonists when refractory to steroids/IVIG

Note. ICI = immune checkpoint inhibitors; Hgb = hemoglobin; IVIG = intravenous immunoglobulin; RBC = red blood 
cell; G-CSF = granulocyte colony-stimulating factor; ATG = antithymocyte globulin; IST = immunosuppressive therapy; 
HPA-1a = human platelet antigen-1a. Information from Ban-Hoefen et al. (2016); Barbacki et al. (2018); Berentsen et 
al. (2015); Brahmer et al. (2018); Davis et al. (2019); Gordon et al. (2009); Peslak et al. (2018); Tanios et al. (2018); 
Turgemen et al. (2017).
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American Society of Clinical Oncology (ASCO) 
guidelines for the management of irAEs is based 
on the grade of thrombocytopenia (see Table 3). 
Holding the ICI therapy and close monitoring 
for improvement of the platelet count is recom-
mended. Administration of prednisone (1 mg/kg/
day over 2–4 weeks and then tapered over 4–6 
weeks) may be considered as well as IVIG (1 g/
kg as one-time dose; may be repeated if needed) if 
rapid increase in platelets is clinically warranted. 
Rituximab (375 mg/m2 weekly × 4) with or with-
out thrombopoietin receptor agonists are recom-
mended for cases refractory to steroids or IVIG 
(Brahmer et al., 2018; Lucchini et al., 2019).

Acquired Thrombotic  
Thrombocytopenic Purpura (TTP)
Acquired thrombotic thrombocytopenic purpura 
is a thrombotic microangiopathy caused by severe-
ly reduced activity of the von Willebrand factor 

(vWF)-cleaving protease ADAMTS13 (Youssef et 
al., 2018). This leads to an excess of vWF-causing 
platelet aggregation, causing small vessel thrombi 
and organ damage. There are four case reports of 
TTP due to ICIs (Dickey et al., 2020; King et al., 
2017; Lafranchi et al., 2020; Youssef et al., 2018). 
The classic pentad for the diagnosis of TTP is fe-
ver, hemolytic anemia, thrombocytopenia, renal 
impairment, and neurologic manifestations; how-
ever, this pentad may be misleading since it has 
been identified when TTP is largely fatal due to 
lack of effective treatment. Therefore, the only 
reliable factors in current practice are hemolyt-
ic anemia and thrombocytopenia without other 
cause (Youssef et al., 2018). Other clinical manifes-
tations may include abdominal pain, nausea, diar-
rhea, chest pain, dyspnea, and bleeding/bruising. 

Workup should include physical exam, com-
plete blood count, peripheral blood smear, co-
agulation studies, urinalysis, blood cultures, and 

Table 2.  Management of Hematologic Toxicities of Immune Checkpoint Inhibitors (cont.)

Hematologic toxicity 
associated with ICI Management strategy

Acquired thrombotic 
thrombocytopenic 
purpura 

1.	 Urgent hematologic consult
2.	Plasma exchange
3.	IV methylprednisolone (1 g daily × 3 days after start of plasma exchange); slow taper
4.	Consider rituximab
5.	RBC and platelet transfusions

Post-transfusion 
purpura

1.	 Hematology consult
2.	IVIG 400–500 mg/kg/day for 5 days (higher dose [1 g/kg/day] in severe cases of 

thrombocytopenia)
3.	Other options: corticosteroids, plasmapheresis
4.	Blood products (if needed)

a.	HPA-1a–negative blood products for HPA-1a–negative patients
b.	Future transfusions should be antigen negative

Neutropenia/
Agranulocytosis

1.	 Hematology consult
2.	G-CSF
3.	Empiric antibiotics
4.	Oral or IV steroids
5.	Other agents: IVIG, cyclosporine, rabbit antithymocyte globulin (ATG)

Aplastic anemia 1.	 Hematology consult
2.	Age based

a.	> 40 years: IST
b.	< 40 years: Bone marrow transplant

3.	Frontline IST-Horse ATG and cyclosporine
4.	Eltrombopag
5.	Maintenance cyclosporine greater than 6 months
6.	Second line: danazol, alemtuzumab, androgens, cyclosporine

Note. ICI = immune checkpoint inhibitors; Hgb = hemoglobin; IVIG = intravenous immunoglobulin; RBC = red blood 
cell; G-CSF = granulocyte colony-stimulating factor; ATG = antithymocyte globulin; IST = immunosuppressive therapy; 
HPA-1a = human platelet antigen-1a. Information from Ban-Hoefen et al. (2016); Barbacki et al. (2018); Berentsen et 
al. (2015); Brahmer et al. (2018); Davis et al. (2019); Gordon et al. (2009); Peslak et al. (2018); Tanios et al. (2018); 
Turgemen et al. (2017).
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type and screen. Testing may also be sent for AD-
AMTS13 levels, but this may take several weeks 
to return. A new scoring tool for TTP called the 
PLASMIC score (see Table 4) was developed 
and reported on by Bendapudi and colleagues 
(2017). ASCO guidelines for the management of 
irAEs have no grading system for TTP (Brahmer 
et al., 2018).

Thrombotic thrombocytopenic purpura is a 
medical emergency requiring rapid intervention 
(Table 2). Recommended management includes 
urgent hematology consult and initiation of plas-
ma exchange, as well as IV methylprednisolone  
(1 g daily for 3 days; first dose after plasma ex-
change; Brahmer et al., 2018). Rituximab has been 
used to manage TTP and has been considered for 
front-line therapy. However, there are no clear 
guidelines about when to use rituximab. There-
fore, rituximab may be considered, and patients 
should also receive supportive care with blood 

and platelet transfusions as needed (Brahmer et 
al., 2018; Chen et al., 2017).

Post-Transfusion Purpura (PTP)
Post-transfusion purpura is a rare, delayed reac-
tion to blood transfusions (5–10 days following 
transfusion) and may be challenging to diagnose 
and differentiate from other entities causing im-
mune-mediated thrombocytopenia. Generally, it 
is most reported in multiparous women, but there 
has been a case report of PTP occurring in a patient 
who had received ICI therapy (Rafei et al., 2017). 
It can occur after transfusion of any platelet-con-
taining product (i.e., red blood cells or platelets) 
and is caused by alloimmunization against plate-
let antigens that leads to complement fixation of 
platelets. The most frequently involved antigen is 
antihuman platelet angiten-1a (HPA-1a), but other 
antigens have also been noted (HPA-1b, HPA-3a, 
HPA-3b, HPA-4a, HPA-4b; Rafei et al., 2017; Vu & 
Leavitt, 2018). In the case report of PTP associated 
with ICI therapy, the antibodies were noted to be 
against HPA-4a (Vu & Leavitt, 2018). 

Clinical suspicion along with serologic find-
ings are important in making the diagnosis. The 
presence of alloantibodies to platelet antigens is 
important in supporting the PTP diagnosis in those 
where the patient’s platelets lack the noted alloan-
tibodies. Since serologic tests are not always read-
ily available at the time the patient presents with 
thrombocytopenia, high clinical suspicion should 
prompt immediate treatment (Rafei et al., 2017). 

Treatment of PTP includes IVIG, corticoste-
roids, or plasmapheresis; however, since there is 
just one single reported case associated with ICIs, 
it is unclear if IVIG or steroids should be first-line 
therapy (Table 2). The ICI may need to be discon-
tinued. It is recommended that in severe cases of 
thrombocytopenia, a higher dose of IVIG should 

Table 3. ASCO Grading of ICI-Associated Immune Thrombocytopenia

Grade Neutrophils Hemoglobin Platelet level

Grade 1 2,500–2,000/mm3 < LLN to 10.0 g/dL < 100/μL

Grade 2 2,000–1,500/mm3 < 10.0 to 8.0 g/dL < 75/μL

Grade 3 1,500–1,000/mm3 < 8.0 < 50/μL

Grade 4 1,000–500/mm3 Life-threatening consequences; urgent 
intervention indicated

< 25/μL

Note. Brahmer et al. (2018); National Cancer Institute (2006). LLN = lower limit of normal.

Table 4. �PLASMIC Score for Thrombotic 
Thrombocytopenic Purpura

PLASMIC score criteria
Prediction of 
ADAMTS13 activity

Platelet count < 30,000/μL Low activity:  
6 or 7 score

Hemolysis: Reticulocyte count  
> 2.5 %, undetectable haptoglobin, 
indirect bilirubin > 2 mg/dL

Normal activity: 
0–4 score

No active cancer

No solid organ or stem cell 
transplant

MCV < 90 fL

INR < 1.5

Creatinine < 2.0 mg/dL

Note. MCV = mean corpuscular volume;  
INR = international normalized ratio. Information from 
Bendapudi et al. (2017). 
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be used (1 g/kg/day for 2 days; Rafei et al., 2017). 
Platelet transfusions are not effective; however, if 
needed, HPA-1a–negative patients should receive 
blood products that are also HPA-1a negative. 

NEUTROPENIA/AGRANULOCYTOSIS
Neutropenia induced by immunotherapy is far 
less common than neutropenia caused by cyto-
toxic chemotherapy. In patients treated for lung 
cancer, the neutropenia rates varied greatly: 1% 
with immunotherapy vs. 31% with chemotherapy 
(Delanoy et al., 2019). Rates up to 5% have been 
reported in patients treated with immunotherapy 
for Hodgkin lymphoma (Turgeman et al., 2017). 
Neutropenia secondary to ipilimumab is more 
frequently reported compared with single-agent 
PD-1 or PD-L1, although the rationale is poorly 
understood since neutrophils do not have CTLA-
4 expression (Ban-Hoefen et al., 2016; Barbacki et 
al., 2018).

Although cases of isolated, asymptomatic 
grade 3 to 4 neutropenia have been reported, the 
majority of cases are far more complicated and 
lead to hospitalization (Turgeman et al., 2017). 
The risk of infection is correlated with the du-
ration and grade of neutropenia (Akhtari et al., 
2009). The risk of mortality is largely from bac-
terial or fungal infection and can include septic 
shock (Delanoy et al., 2019). It is essential to rule 
out viral infections (parvovirus B19, Epstein-Barr 
virus, and cytomegalovirus) as a cause for severe 
neutropenia (Akhtari et al., 2009). A bone marrow 
biopsy can show defects in neutrophil precur-
sors that suggests that neutrophils are targeted in 
their early development (Turgeman et al., 2017). 
Erythroid and megakaryocytic lineages are usu-
ally not involved, while granulocytic lineage will 
be hypoplastic (Meti et al., 2018) or absent (Ban-
Hoefen et al., 2016). There may be moderate eo-
sinophilia noted (Ban-Hoefen et al., 2016). Anti-
neutrophil antibodies may be detected in serum. 
Less commonly, lipid-laden macrophages can be 
seen in the marrow (Akhtari et al., 2009).

There are no reported case studies of recov-
ery of severe neutropenia without intervention 
(Ban-Hoefen et al., 2016). Supportive manage-
ment plays a fundamental role in its treatment, 
often with granulocyte colony-stimulating factor 
(G-CSF) and empiric antibiotics (Barbacki et al., 

2018). While the guidelines (e.g., ASCO, NCCN) 
do not list the management of neutropenia as-
sociated with ICIs, case reports have included 
the use of filgrastim for the management of this 
uncommon side effect of ICIs (Boegeholz et al., 
2020). Oral or intravenous steroids are used with 
some success; however, when steroids are un-
successful, additional treatments such as IVIG, 
cyclosporine, and rabbit antithymocyte globulin 
(ATG) are used (Ban-Hoefen et al., 2016; Turge-
men et al., 2017).

BICYTOPENIA/PANCYTOPENIA
Hematologic irAEs usually affect a single cell line; 
however, there are a few case reports where more 
than one cell line is affected (i.e., bicytopenia, pan-
cytopenia). The reports of bicytopenia have been 
with the anti–CTLA-4 and PD-1 inhibitors (Atwal 
et al., 2017; Inadomi et al., 2016). The majority of 
these cases previously received chemotherapy 
agents; therefore, a clear link cannot be made be-
tween the checkpoint inhibitor and the cytopenia 
(Rusquec et al., 2014). Bicytopenia is often associ-
ated with other disorders such as AA, MDS, dis-
seminate intravascular coagulation (DIC), and 
TTP. Pancytopenia has also been reported and is 
associated with nivolumab (Opdivo) and ipilim-
umab (Rusquec et al., 2014; Tokumo et al., 2018). 
Some authors indicate that cytopenias are often 
late occurrences; however, others report the cy-
topenias occurring early in treatment (Rusquec et 
al., 2014; Takahashi et al., 2019). 

Complete blood counts need to be monitored, 
and in the case of grade 3 or grade 4 cytopenias, 
the ICI should be discontinued and high-dose 
corticosteroids started. Prior cases have been 
noted to be resistant to corticosteroids, and IVIG 
was needed to manage the cytopenias. Therefore, 
IVIG should be considered as front-line therapy 
(Atwal et al., 2017; Rusquec et al., 2014). 

Aplastic Anemia (AA)
Aplastic anemia is a rare and life-threatening fail-
ure of the bone marrow that results in cytope-
nias of the peripheral blood along with trilineage 
aplasia of the bone marrow. Severe AA is defined 
as cellularity of the bone marrow less than 25%, 
or 25% to 50% with less than 30% hematopoiet-
ic cells plus two of the following: (a) neutrophil 
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count < 0.5 × 109/L, (b) platelet count < 20 × 109/L, 
or (c) reticulocyte count < 20 × 109/L. Almost all 
sporadic AA appears to be immune mediated. Bone 
marrow suppression that leads to AA is thought to 
be related to T-cell activation against early hema-
topoietic progenitors. There have been a few cases 
of AA reported from ICIs. Of the three cases re-
ported in the literature, two were on dual PD-1 and 
CTLA-4 therapy and the third had previously re-
ceived CTLA-4 therapy as a single agent and was 
receiving nivolumab at the time of diagnosis of AA 
(Helgadottir et al., 2017; Rouvinov et al., 2019). 

Typical symptoms of AA include fatigue, easy 
bruising or bleeding, and/or infections, but gen-
erally there is a long-standing illness. When AA 
is suspected, a workup should occur rapidly so 
that other conditions that may mimic AA can be 
ruled out. Baseline assessment includes a full his-
tory and physical exam, complete blood counts 
with differential, a blood smear, a reticulocyte 
count, and a bone marrow aspirate and biopsy 
along with studies of the bone marrow including 
cytogenetics and fluorescence in situ hybridiza-
tion (FISH). There is abnormal blast count and 
the lacunar spaces are extensively replaced by 
fatty cells. Clonal abnormalities in AA occur in 
about 12% of cases. The most common abnor-
malities include abnormalities of chromosome 7 
and trisomy 8. In AA, the marrow is hypocellular 
with no overt dysplasia (Sangiorgio & Calamini-
ci, 2020). Besides ICI therapy, other potential 
causes include other medications, autoimmune 
diseases, family or personal history of inherited 
bone marrow failure disorder, infections, or nu-
tritional deficiencies (Peslak et al., 2018). Screen-
ing for Fanconi anemia should also be completed 
during the workup of pancytopenia. The poten-
tial diagnosis of dyskeratosis congenita, hepati-
tis-associated AA, MDS, or paroxysmal nocturnal 
hemoglobinuria (PNH) should also be ruled out. 

Aplastic anemia can be life threatening; there-
fore, it is important to detect low peripheral blood 
counts early in patients receiving ICIs and to with-
hold ICI and initiate therapy as soon as possible 
(Helgadottir et al., 2017). Once the diagnosis of AA 
is made, the treatment is determined by its severity. 
Patients should be provided aggressive support-
ive care. Transfusion targets of hemoglobin > 7 g/
dL, platelets > 10,000 uL are preferred. The blood 

products should be irradiated to prevent transfu-
sion-associated graft-vs.-host disease (GVHD). 
In patients with severe neutropenia, antifungal 
prophylaxis (e.g., voriconazole or posaconazole) 
should be used to prevent invasive infections (e.g., 
aspergillus). In addition, Pneumocystis jiroveci 
pneumonia prophylaxis should be used during 
lymphopenia that occurs following ATG therapy 
(agent other than trimethoprim-sulfamethoxazole 
since it can cause myelosuppression), such as dap-
sone, dapsone plus pyrimethamine, or atovaquone. 
Granulocyte colony-stimulating factor is only used 
during episodes of febrile neutropenia since no im-
provement in overall survival has been noted when 
used in the absence of fever. Antimicrobial prophy-
laxis with quinolone antibiotics in very severe AA 
should be administered to reduce the risk of gram-
negative sepsis. The routine use of prophylactic 
antibacterial agents in patients with higher neutro-
phil counts is not advised (Peslak et al., 2018). 

Ultimate treatment of AA is based on age (over 
or under 40 years), where older adults receive im-
munosuppressive therapy (IST) while younger 
adults and children receive bone marrow trans-
plant as the treatment of choice. Immunosuppres-
sive treatment with horse ATG and cyclosporine 
A (CsA) is recommended in the front line. The 
optimal duration to administer CsA is not clear, 
but there is a high rate of relapse when CsA is dis-
continued early, and maintenance CsA can delay 
relapses (Peslak et al., 2018). No other treatments 
have been found to be superior to standard IST 
(Peslak et al., 2018). Most patients who relapse 
after having an initial response to IST can be sal-
vaged with full-dose CsA monotherapy and/or a 
second course of IST with rabbit ATG and CsA 
or transplant. Other second- and third-line treat-
ment options for refractory AA include danazol, 
alemtuzumab, androgens, and cyclophosphamide 
(Peslak et al., 2018).

While there are fairly defined guidelines for 
the front-line management of severe AA and very 
severe AA, the management of nonsevere AA is not 
clearly defined. Expert AA guidelines recommend 
treating nonsevere AA if patients are transfusion 
dependent or have neutropenia. Eltrombopag 
(Promacta) has been proposed as a potential op-
tion for nonsevere AA because of its excellent tol-
erability and efficacy (Peslak et al., 2018).
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Myelodysplastic Syndrome (MDS)
Progression of subclinical MDS has been report-
ed in two cases receiving an ICI. The first report-
ed patient was on a clinical trial receiving pem-
brolizumab (Keytruda) for advanced melanoma 
(Greenplate et al., 2016). Prior to the initiation 
of immunotherapy, the patient had stable mild 
thrombocytopenia with no peripheral blasts, most 
likely associated with her prior therapy for breast 
cancer. Over the first 6 months of ICI therapy, the 
patient developed peripheral blasts, anemia, and 
progressive thrombocytopenia, prompting bone 
marrow biopsy confirming refractory anemia 
with excess blasts. These authors (Greenplate et 
al., 2016) reported that the peripheral blasts were 
largely negative for PD-1 and PD-L1 protein ex-
pression. They also noted that is it unclear wheth-
er pembrolizumab contributed to the progression 
of MDS in this patient and questioned if the im-
mune system played a role in the development of 
MDS. The patient initiated decitabine with stabi-
lization of her peripheral blast count and was able 
to continue on pembrolizumab. 

The second reported case had recurrent 
Hodgkin lymphoma who had multiple prior ther-
apies, including an autologous transplant, and de-
veloped grade 3 MDS (Ansell et al., 2015). This pa-
tient’s treatment with the ICI was discontinued. 
The patient’s additional treatment and outcome 
were not described in the article. 

The role of the ICI in the development of MDS 
is further clouded due to newer data that demon-
strated activity of the ICIs in the management of 
MDS and acute myeloid leukemia. In a study by 
Garcia-Manera and colleagues (2016), prelimi-
nary results demonstrated that PD-1 blockade in 
combination with azacitidine in patients with un-
treated higher-risk MDS had clinical activity. In 
addition, single-agent ipilimumab demonstrated 
responses in patients with previously treated 
MDS. However, single-agent nivolumab did not 
show clinical activity. Additional studies using 
the ICI in the management of MDS in the front-
line and recurrent settings are underway (Chokr 
et al., 2018).

CRYOGLOBULINEMIA	
Case studies have reported the occurrence of 
cryoglobulinemia associated with checkpoint in-

hibitors (Pellegrino et al., 2017). Two case studies 
reporting cryoglobulinemia have been noted in 
the literature: one isolated case and one with pos-
sible Sjögren syndrome (Le Burel et al., 2017; Pel-
legrino et al., 2017). Presentation may include ar-
thralgias, fatigue, and acrocyanosis and necrosis. 
In the isolated case, cryoglobulins were detected 
in the blood and was negative after 26 days of cor-
ticosteroid therapy (Le Burel et al., 2017; Pellegri-
no et al., 2017). 

HEMOPHAGOCYTIC 
LYMPHOHISTIOCYTOSIS/ 
CYTOKINE RELEASE SYNDROME
An overstimulated immune response may be 
clinically beneficial; however, it may also lead to 
hyperinflammation and immune-mediated or-
gan damage. The main cause of hemophagocytic 
lymphohistiocytosis (HLH) is persistent stimu-
lation of cytotoxic T lymphocytes and natural 
killer (NK) cells. The persistent stimulation leads 
to systemic inflammation caused by cytokine 
storm. Cytokine release syndrome is a collection 
of inflammatory symptoms that may range from 
flu-like syndrome to severe vascular leaks and co-
agulopathy that may lead to organ damage, fail-
ure, and death. Presentation of HLH may include 
fever, splenomegaly, cytopenias (must affect 2 of 3 
cell lineages), hypertriglyceridemia and/or hypo-
fibrinogenemia, hemophagocytosis in bone mar-
row, liver, spleen, or lymph nodes, low or absent 
NK-cell activity, and hyperferritinemia. The di-
agnosis is often missed due to lack of awareness. 
Treatment includes supportive care, immuno-
modulation, and cytotoxic control (corticoste-
roids, cyclosporine, methotrexate, etoposide, and 
IVIG therapy; Sadaat & Jang, 2018).

EOSINOPHILIA
Increased eosinophils in the peripheral blood and 
tumor-associated tissue eosinophilia are frequent-
ly associated with some tumor types, especially in 
those of epithelial origin such as colon and breast 
cancer (Moreira et al., 2017). Tumor-associated 
eosinophilia has been noted to indicate good prog-
nosis in several tumor types such as gastrointes-
tinal cancer; however, it is unclear if it impacts 
the prognosis of other tumors (i.e., Hodgkin lym-
phoma) (Davis & Rothenberg, 2014; Gatault et al., 
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2012). Increased eosinophils have also been noted 
after treatment with immunotherapy such as IL-2, 
IL-4, GM-CSF and anti–CTLA-4 antibody (Davis 
& Rothenberg, 2014; Gatault et al., 2012). 

Overall, 3% to 37% of patients receiving ICI de-
velop increased eosinophil counts (Bernard-Tess-
ier et al., 2017; Moreira et al., 2017). Researchers 
have reported eosinophilia (absolute eosinophil 
count greater than 0.5 g/L) occurring in 27.1% of 
patients receiving PD-1 or PD-L1 inhibitors, but 
noted that about half of those patients had eosino-
philia since the time of starting therapy (Kizawa 
et al., 2019). There have been reports of increased 
eosinophil counts in the peripheral blood of pa-
tients who have received ipilimumab and its as-
sociation with improved survival (Delyon et al., 
2013; Umansky et al., 2016). The increased eo-
sinophil count, which occurs following treatment 
with ipilimumab or pembrolizumab, has been not-
ed to impact survival. However, increased eosino-
philia noted prior to starting treatment has not 
been found to affect survival (Weide et al., 2016). 
The median time to increase in eosinophil count 
is 3 months, with peak eosinophil count of 1,000/
mm3 noted at a median of 6.4 months (Yang et al., 
2019). Kizawa and colleagues (2019) indicated a 
relationship between the presence of eosinophilia 
and subsequent irAEs. The most common irAEs 
associated with eosinophilia were endocrine dis-
orders such as thyroid dysfunction and adrenal 
insufficiency and skin disorders. 

There are other disorders of the eosinophils 
that have been reported to be associated with 
checkpoint inhibitors. One of these is eosinophilic 
fasciitis that is a fibrosing disorder that causes in-
flammatory infiltration of the subcutaneous fascia.  
An increase in the eosinophil count is not needed 
for the diagnosis. This disorder is managed with 
corticosteroids (Chan et al., 2019).

An additional irAE that has been noted to be 
associated with checkpoint inhibitors includes 
the DRESS syndrome (Drug Reaction with Eo-
sinophilia and Systemic Symptoms). Character-
istics include the presence of eosinophilia, rash, 
and involvement of the internal organs. DRESS 
syndrome needs to be detected early and managed 
quickly (Lu et al., 2019).  

A third rare disorder associated with ele-
vated eosinophils that has been reported to be 

associated with checkpoint inhibitors is eosino-
philic granulomatosis with polyangiitis (also 
known as Churg-Strauss syndrome). It is char-
acterized by necrotizing vasculitis of small- and 
medium-sized systemic blood vessels. It can be 
distinguished from other disorders by the asso-
ciation of asthma, rhinosinusitis, and peripher-
al eosinophilia (Chakraborty & Aeddula, 2021). 
In this review, only a case study can be found 
regarding eosinophilic granulomatosis with 
polyangiitis in a patient receiving nivolumab 
(Roger et al., 2019). In that patient, there was 
no evidence of vasculitis, but the patient did 
have asthma so the true diagnosis in this situ-
ation is unclear. Of note is that in this patient, 
a complete response persisted 12 months after 
the discontinuation of nivolumab.

DISCUSSION
The use of ICIs has had a significant impact on 
the management of malignancies. These agents 
are associated with unique AEs that most com-
monly include pneumonitis, colitis, and der-
matitis. Hematologic AEs associated with ICIs 
are rare but have varying severity. The hemato-
logic AEs associated with ICIs that have been 
reported can affect each of the cell lines lead-
ing to neutropenia, thrombocytopenia, and ane-
mia. Besides the suppression of each of the cell 
lines, other hematologic AEs include cryoglobu-
linemia, hemophagocytic lymphocytosis, and 
eosinophilia. The impact on the blood counts 
is usually related to prior chemotherapy treat-
ments; however, health-care providers need to 
be cognizant of the potential impact of ICIs on 
blood counts. 

Typical treatment parameters, such as hold-
ing treatment for an absolute neutrophil count 
of less than 1,500, may not be appropriate in pa-
tients receiving ICIs. The electronic medical re-
cord order sets need to include parameters (for 
holding treatment) that are meaningful for pa-
tients receiving ICIs. While the majority of the 
AEs that impact the hematologic system are 
managed with steroids, other treatments may be 
needed, such as IVIG or apheresis. It is impor-
tant for advanced practitioners to understand the 
potential for these AEs so patients can receive 
prompt treatment. l
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